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21 ^canceled), 
2Z(caiweTed>. 
23{caneeled). 

2%revions1y presented). Receiver apparatus for digital signals of apt^rifeed baud rate 

UMiMpaiii JisfcwtHMV said receiver- apparatus coaspnisiag: 

a receiver #oitt^d eoiMiecte<lfOT re^onding to any selected one of said digialiagnsis 
iransn^ ^re^ earners through sar4 medium 

.<.<&a$&E to m^mmmm,mm^ m w&fti&mi^^ 

'mm a^pMe4fto4iu^ 
nraltipath distortion liereol; 

deaioiiiiator and oversampling aniiog^^piM conversion circuitry coimeeted to receive 
a4igita1^se&^ 

an analyzer filter forgenerating the d^a^^Foa!^^l^lllsfosras of successivej>ortions of said 
d%itSl;feasebaad sigaai said mi^^ wm^^ t^m- said digMbaseband signal from 
said demodulator and ©versampiing aaalog^to-digMl conversion circuitry; 

mm of ^^iiersmrM 

digMbasel5and signal, ter^^ 

to generate a set of products describing &e discre^teFourier transform of an equalizer response to 
said digital baseband signal; 

apparatus for generating, fe response to the discrete Foxier transforms of successive portions 
.ctfda^dJbas^and'^^'iMtt-JHOviae a sampling window moving toough a succession of 
dilerenl position in each of succ^ 
;use3jy satdsfeank of niuitipliers; 
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a synthesizer filter coimected&r receiving sail set of products from said&arik of rouMpiliers 
and tor g€M equalizer response as the inverse ^iscrete^FoBrkx te^istbrm of said 

discrete Fourier transform of said equalizer response described by said set o&produets; 

a decimation filter connected for re-sampling said equalizer response supplied firom said 
synthesizer litter to generate as a decimation filter response an equalized digiM&aseband signal 
^-s&ihpiei at said prescrifeedvbaud rate; and 

decoding apparatus connected for decoding said decimation filter response to recover a data 

stream. 

25^i^viousiy^>reseiited). Hie receiver apparatus of claim 24, wherein said appaiaf^slbr generating 
saM adaptive set of wdghiing coefficients for use by said bank of mult%>Mers comprises: 

estimation circuit^ said decimation an 

ovessamphngr^ with which 

said selected tme of sa^ 

^asiaws for coining the disc^ of said 

ovei^ampting-ra^e estimation of Ae baseband distal modulating signal in accordance with which 
said selected one of said digital sigmals was generated, winch successive ipoitions of said 
oversampiing-rate cstiin^on of the"lm^>and d^M tnodulatfeg sigprnl correspond wish respective 
-mts of WS Suc<^*ve|^^ d%itd bast&and signal u sed for computing discrete Fourier 

:tetnsf(Mms in said a^>aratus confuting the disci^ fourier transforms of successive poiti<ms of 
said digital baseband signal; 

read-only memory for storing a discrete Fourier tr&mform of ideal reception 
channel response; 
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computer €i^oitty %f ^generating discrete Courier ti^^rm4escriptb£B of said set of 
westing coeffici^ of each of said Mserete 

Fomi^r lraGsfonBs of successive portions of said oversan^ing-rate estimation of Ifae baseband 
digital modulating signal by said discrete f^oiarier transoms characteriza^on of ideal reception 
channel response as react lorn said read-only memory, ;f<Siowedl>y temi^^orre^onding-lerm 
divMotoO^ -from the portion of said 

digital baseball signal correspondfeg with that said sucoessi wporfcion of said oversampfeg-rate 
estimation of fee baseband digM moduiating signal used for generating said discrete Fourier 
transform thereof used in said tea^by^tresp^ tber^by generating one of 

successive discrete ^Fourier tansform descriptions of said adaptive set of weipiting efficients; and 

a bank 6f idigit^to^ successive 
discretefourier;!^^ s£tof weight^ 

respective iowpassilter response appfiedto said%ank of m^tipliers as said adaptive set of 
wetg^mg coefficients. 

2^|>reviousiy presented). Hie receiver ^pparatos of claim 24, wherein said apparatus for 
genei^ting said adaptive set of weighting coefficients for use by said bank of muitpfcrs comprises; 

estitnatk^ ciix^^ 

l^uist-Bftered owrs^^ii^-ratc estimation of ihc Mscband digital in^feftii^ signal in 
accordance with which said selected one of said digital signals was generated; 

apparatus for computing ^e discf^ Fourier ti^sfoiiris of success ve portions of said 
l^ui&-£atered ovmat^ling-rate estimation of tt*e?baseband digital modtiiaikig signal in 
aceoixfanee with wtneb said selected one of said digital signals was generated, vM4h successive 
ipaitions cif said Myquist^Jiltered oversampling«rate estimation o 

sipial correspond wife respective ones o>f said successive portions of said digital baseband signal 
used for computing d iscrete Fourier transforms in said apparatus for computing the discrete Fourier 
transfbims of successive :portions of said d^tai-bas^and signal; 
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computer circuitry for generating discrete Fourier transform descriptions of said set of 
weighting coeliieients, of each of the discrete Fourier 

Moslem of siicctsstve portions of Said ^y^uis^-filj^ii bv^i^mpluig-me estimation of die 
baseband digital mMuteting signal t>y the discrete Fourier transform o f the corcespoiidkg poison of 
said digital baseband, ;ihere% generating one of successive discrete Fourier xransform descriptions of 
said adaptive set of wei^iting coefficients; and 

a bank of d^tal4ovg>ass filters for ^moofemg ^ of said successive 

discrete Fourier transform descriptions of said adaptive set <>f weigjitbg coefficients to generate 
tespecSwIowpass fiiter responses applied to saSd^bank of i^lSpfes as said adaptive set of 
westing coefficients. 

27^pFeviou^pres^ated). Receiver app^tus digitHl signals of aprescribed baud^rate 
transmitted by respective ^|$iiude-moduiatedr^ a medium subject to 

^Itip^disto^ion, said receiv^^^ con^rising: 

a i&eWi^ digital signals 

transmitted fcy respective ampitude-moduiated radio-fre<pency carriers tfirou^i said medium 
s^ectto msi^^ to generate an an^pli^de^moduta^ 

that is amplitude^modidated in accordance with said selected one of said digital signals and any 
muitip^th distortion thereof; 

aaabg-to-digita1 conversion circuilry ec&nected to recei ve as its respective input signal said 
anapfitude-m^ Mtermedi&te-frequency carrier &>m said receiver fh>nt-eiid and to supply, at 
an oversampling rate higher than said prescribed i>aud rate, a digitized amplitude-modaiated 
intermediate-fre<peney carrier; 

an malyzer Mter lar generating^ of successive portions of said 

digitized an^fede-m<Miulaied ktemediate*-ineguency carrier, said analyzer filter connected to 
receive said amplitude-modulated iritermediate-frequency earner from said receiver front-end; 
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a&aii: ofmulti^ of said 

ampli1^H3M>dulated inteimed^^^ eerier, term temi; by respective ones of an adaptive 

set of weighting coefficients to generate a set of products describing die discrete Fourier transform 
o f an equalizer response *o said ain^itude^mod^ate^ inteimediate-&equ^acy carrier; 

apparatus ibrge^^ of successive portions 

of said amf^^ canierlia4^)roviie a ^nntpliiig window moving 

trough a succession of differentgposiSons in each of successive data fields, said ad^ive set of 
wei^iting coefficients for use by said bank of multipiiers; 

a synthesizer filter connected for receiving said set ofproducis from said bank of inuli^iers 
^#&:g^ s^ii ^equ^izer response as the inverse discrete Fouler Ji^sforin said 

discrete Fourier transform of said equalizer response descried by said set ofjproducts; 

digital syndfcrodyne circuitry connected to receive said equalizer response from said 
synthesizer filter and to supply a digital baseband signal at an oversamf^ing^tte lii^ier ifian said 
l>rescribea/baud rate; 

a decimatten ®ter connect fo^ 
demodulator and oversampiing anMog-to-d|gital conversion circuitry, to generate a decimation 
filter response an equalized digital baseband signal re-sampled at said presotibed baud rate; and 

decoding apparatus connected for decoding said <fecimatk>n lite response to recover a <!ata 

stream. 

28^reviously presented), llie receiver apparatus of claim 27 T wherein said apparatus for generating 
said successive sets of wei^fe^ said bank of multipliers comprises: 

estimation circuitry responsive to said decimation filter response for generating an 
oversampfimg-rate estimation of fee bas^>and digital modulating signal in accordance with which 
said selected one of said digital signals was generated; 
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a bdanced amplitude modulator for modulating an oversampling-rate digital signal 
descripti ve of an unmodulated inteimediate-fiequeiK:y carrier by said oversampling-rate estimation 
of -Use baseband digital modulating signal itv acctfi^hee With which said selected one of said digital 
signals was generated, thereby to generate an oversampling-rate digital signal descriptive of a 
suppressed-camer double-sideband signal; 

em idealHchannel-response vestigial-sideband filter for supplying a vestigial-sideband filter 
response to said oversampling-rate digital signal descriptive t>f file suppressed-carrier 
double-sideband signal! supplied to said vestigial-sideband filter as its respective input signal by a 
connection from said3>alaneed amplitude modulator; 

a ^uftlier ^hklyzer filter for computing discrete Fourier ti^sforms of successi ve portions of 
said vestigial-sideband filter response, which successiveportions of said vestigial-sideband filter 
response correspond with respective ones of said successive poitions of said amplitude-modulated 
int^nediate^&equency carrier used for computing said discrete^Foui^^ 

computer circuitry for generating discrete Fourier transform descriptions of said set of 
weighting coefficients, through term-by-corresponding-ierm division of each of the discrete Fourier 
transforms of successive ^KHtions of said vestigial-sideband filter response by the discrete Fourier 
transform of the corre^nding portion of said digitized an^iitude-rooduiated 
i&Mfft^ tamer, thfefeby gerieMihg one Of Successive discrete Fourier transform 

descriptions of said adaptive set of weighting coefficients; and 

a bank of digital lowpass filters for smoothing respective resulting terms of said successive 
disc^te Fourier transform descriptions of said adaptive set of weighting coefficients to generate 
respecti ve lowpass filter responses applied to said bank of multipliers as said adapti ve set of 
weighting coefficients. 



8 



Atty. Dkt. # A1JRL03A 



Response to 2 nd Office Action 



PATENT App. # 09/823,500 



29(cwently amended). Receiver apparatus for digitatl signals of a presc#>edt)^d rate transmitted 
by respective amplitude-moduiated radio-frequency earners through a medium subject to multipath 
distortion, said receiver apparatus comprising: 

a receiver firont-end connected for res^ndmg to any selected one of said digital sijprais 
transmiUedbyxe^>eciive a^fitudermodubtedjadio^frequency earners through said medium 
subject to mift^^ 

thai is amplitude-modulated in accordance with said selected one of said digital signals and any 
muitjpath distortion hereof, 

a first adaptive digital fitter having a&ernel composed of weighting coefficients that can be 
a^mted/said firsta^^ adaptive digital filter 

j^^^ to said aiiipl tode-modu!ated inteitned?ate-frK|uency earner generated by said receiver 
faairjind as mi^itude modulated in accordance with said selected one of said djgjlM signals; 

apparatus&r computing respective discreteSFourier transforms responsive to successive 
portions of said an^litude^moduJated inteiiiiedi^-fi^quency carrier thai % ah§>itoa^-nfK>3uIa^ in 
accordance wtik said selected one said 
successive portions of said amplitude-modulated ktermediate-feequericy carrier providing a 
saiqplmg window moving through a succession of different positions ia each of successive data 
fields; and 

apparatus for confuting the weighting coefficients of said first adaptive digital filter so as to 
suppress an unwanted portion of said first adaptive digitati filter response ^ising &om the amplitude 
of siid anipl^ carrier %elng modulated in accordance with 

multipath distortion of said selected one of said digit^sigaais, with the computations of said 
weighting coefficients being based on said discrete f?oui^ of 
said amplitude-modulated intemiediate-&e(|uency earner providing said sampling window moving 
through said succession of different positions In each of said successive data fields. 
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30{previously presented) . 3^e receive apparatus of claiaa 29, wherein said sampling window 
moving Arougji a succession of different positi<Mis in cadi of said successive data 3klds-geneially 
advances a given number of samples at a time. 

3 l^i^viousiy presented), 1%e receiver apparatus of claim 29, wherein said sampling window 
moving fliroBg^ a . succession of different positions in each of said successive data fields^generaiiy 
mov^Mock-by-Mock over contiguous successive portions of said amplitade-inoduiated 
iiitennediate^frequency canier. 

32^eviously p-es^ted). lihe receiver apparatus of claim 29, v^eremsaidik* 
filter is a baseband filter; and wherein said receiver apparatus fiiriher comprises, wi&in said 
apparatus for computing discrete Fourier transforms responsive to successive portions of said 
amp&fude^odi^^ ainpM«de^oduiated% accoxda&ce with 

said selected one of said digital signals and any multipara distortion: 

demodulator and oversampling analog-to-digital conversion circuity connected to receive 
said amplitude-modiilated intmnediate-frequency carrier from said reaver fronfr-end and to supply 
a digital feasetoand signal sampled at an oversampling rate higber than said prescribed $>aud rate, 
which digitalt>aseband signal is applied as a respective input signal to said first adaptive digital 
filter; and 

apparatus for computing said discrete Fourier transforms from successive portions of said 
digital baseband signal, which successive $>oriions 6f said digital baseband signal respectively result 
from demodulation of said successi ve portions of said an^lifaide-moduiated intennediate-frequency 
&ffier , s£id demodulator and oversampling anaSog^ton^gptat cfc^v^hsion circuitry being connected to 
supply said digital baseband signal to said apparatus lor computing said discrete Fourier transforms 
from successive portions of said digital baseband signal. 
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33^reviGHsly presented). The receiver apparatus of claim 32, wherein the fcemel of said firs* 
adaptive digital filter&as weighting coefficients at intervals corresponding with integral numbers of 
half cycles of said oversampling rate, said receiver apparatus farther comprising: 

a decimation filter connected for re-sampling said first adaptive digital Ster response to 
generate a decimation filter response that re-samples said digital baseband signal to saidprescribed 
batid rate; and 

decoding apparatus connected for decoding said decimattion filter response to recover a data 

stream. 

34<previousIy presented), 33ie receiver apparatus of claim 33, as constructed for recq>tion of 
vesfigiai-sidtfoand digital television broadcast signals, wherein said decoding apparatus comprises: 

trellis decoding apparatus for decoding said decimation filter response to generate 
irefiis-decoded data, said trellis decoding apparatusfeeing connected to receive said decimation filter 
response from said decimation filter; 

a data de^interieaver for de4nterleaving convoMonat interleaving in said ttelis-decoded 
data^to igenerate a data de-interieaver response, said data de^nterieavef being connected to receive 
said taeilis^decoded data &om said trellis decoding apparatus; 

Reed-Solomon error correction circuitry for correcting errors in said de-intedeaver rcsponse 
to recover randomized data, said Reed-Solomon error correction circuitry feeing connected to receive 
said data de-intefleaveTTC^onse lkmfi said data de-interleaver; and 

a data de-randomizer for de-randomizing said randomized data to recover a transport stream 
for application to a fiir&er portion of said receive apparatus* 
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35^reviously presenled). The receiver apparatus of claim 33, wherein said apparatus for 
computing the weighting coefficients of said first adaptive digital filter comprises: 

estimation circuit^ resj^nsive to said decimation filter response for generating an 
ovcrsampitng-rate estimation of the baseband digital modulating signal in accordance with which 
said selected one of said digital signals was generated; 

apparatus for computing the discrete Fourier transforms of successive portions of said 
wersampiing-rate estimation of the baseband digital modulating signal in accordance with which 
said sheeted one of said digital signals was generated, which successive portions of said 
oversampling-rate estimation of the baseband digital modulating signal correspond wMi respective 
ones of said successive portions of said digital baseband signal used for computing discrete Fourier 
transforms in said apparatus for computing the discrete Fourier transforms of successive portions of 
said digital baseband signal; 

read-only memory for storing a discrete Fourier transform characterization of ideal reception 
channel response; 

computer circuitry for generating discrete Fourier transform characterizations of the actual 
reception channel through term -by-corresponding-term multiplication of each of said discrete 
Fourier transfonns of successive poitions of said overeampling-rate estimation of the baseband 
digital modulating signal %y said discrete Fourier transform characterization of ideal reception 
channel response as read from said read-only memory, followed by tenn-by-corresponding-tenn 
division of the resulting produatenns by the discrete Fourier transfonn of the portion of said digital 
baseband sigpal coiresponding with that said successive portion of said oversampling-rate estimation 
of the baseband digital modulating signal generating said discrete Fourier transform thereof used in 
said teirn-by-correspondingrte^ followedfcy inverse discrete Fourier transformati on 

of the resulting quotient terms to generate one of a set of successive inverse discrete Fourier 
transforms; and 

a bank of digital towpass filters for smoothing the terms of said successive inverse discrete 
Fourier transforms to specify the weighting coefficients in the kernel of said first adaptive digital 
filter. 



12 



Attv.Dkt M ALRL03A Response to 2^ Ofiice Action PATENT App. U D9/823,500 

36^rev30iis?y preseBted). Hie receiver apparatus of claim 35, wherein said es&nation circuitry 
comprises: 

a data sticer connected to rt&ejve said decimMon^ffl^ decimMon filter 

and to supply u quantized decimation filter response; 

a symbol coder Shrreco&ing said quantized decimation filter ^response into a 
fcaud-rate estti^ and 

an i^e^latiM fife* of a : type 3tiat ^s^at&ily ^preserves inks output signal the system 
func^on descii^^ connected farxeceivaig said 

fcaud-rale ^ and for supplying sail 

^vass^fiiig^e estimation of the baseband nM^dulaiing signal to saM ^>amte Sm* 
confuting ftie discrete Fourier^ransforms x>f sutxessiveporfciofts of said oversan^ing-rate 
estimation ^Mie%asebaiid digital mod^ating si&tal in accordance with which said selected one of 
said digits signals was generated, 

37^previously presented). The receiver apparatus of claim 35, wherein said estimation circuitry 
comprises: 

a treSiis decoder also fedluded within s&id decoding appai^atus corrected ^ 
deciiiwfion fitter re^?ort^e to recover said data stream, said to^llis coder connected to receive said 
decim&b^ snp|% prtiiminaiy estimates of symbol 

values as well as a trellis decoder response; 

•a syWifeoi : H<$£t ^ : feb<^fng 'iai^p^i'^nary estif^ values supplied Irom said 

trellis; decoder^^^ a baud-rate estimation : ri£%e$^b 

signal; and 
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^m&zpo^ signal^fae system 

function described in its input signal connected far receiving said baud-rate estimation of ^e 
baseband digital moiiMatii^ signal and for s^plyisg said ovessBinpling^te estimation of ihe 
^baseband digital TOoduiatrng signal to said apparatus ft>r con^uiing#ie discrete Fourier transforms 
of successive portions df said oversamjpiiiig^i^ie estimation of iftie^aseband iigitai modulating signal 
in ^cb^tecJe WMi \^fi<3h Said selected <ine of said ligitai signals vm ^^mod, 

3S^>reviousiy presented). The receiver apparatus of claim 35 3 wherein said apparatus for 
compiling Jhe discrete Fourier feansforais of successive portions ©f ea^ dala field of said digital 
*as£to^ window of said digital %as^^ s^mi fer ^cfe 

computation, and wherein said apparatus for computing the discrete Fourier transforms of successive 
^o^tions of said oversampim^ hiding window of said 

oversampfing-rafe estimation for such computation, 

35^previously presented). The receiver apparatus of claim 33, herein said apparatus for 
computing^ weighting coefficients of said Hi^ adaptive digital filter comprises; 

estimation circuitry responsive to said decimation life response for generating a 
J^mst-filtered oversampling-rate estimation of fee baseband digital modulating signal in 
accordance with which said selected one of said digital signals was generated; 

apparatus for computing the discrete Fourier transforms of successive portions of said 
l^ypKst-filtered oversampting-rate estimation of tiNe :1>aseband di^feii modulating signal! ft 
accordance with which said selected one of said digital signals was generated, which successive 
portions of said Myquist-liitered oversampling-rate estimation of the baseband digital modulating 
signal correspond v^Te^ed£ve ; ^mes -of s^d successive portions : of saud -<lig^^basebai9 signal 
used for computing discrete Fourier transfomis in said apparatus for computing the disa^ete Fourier 
transforms of successive portions of said digital baseband -signal!; 



14 



A8y. T>kt U ALRL03A Response to 2 nd Gfike Action PATENT App. # 09/823,500 

computer circuitry fer genera&g disc^^ of fee kernel 

desired k said first adaptive digitaiffl^ division of each -of -Jibe 

discrete Fourier transforms of successive portions of said Nyquist-filtered oveisampling-rate 
estimation of &ebas^and <%ital modulating sijpiii% ire ^ 

coircsponding portion of said digital baseband signal, and ihereaiter generating inverse discrete 
Fourier tra&sfcrms of said discrete Fourier transform descriptions of the kernel desired in said first 
adaptive distal filter; and 

aJbarik of d^ital lowpass filters for smoothhg the terms of said inverse discrete Fourier 
transforms to specify the weighting coefficients in &e kernel of said first adaptive digital filter. 

4©^^ious%i|>resented), The receiver apparatus of claim 39, wherein said estimation circuitry 
comprises: 

a data slicer connected to receive said decimation filter response from said decimation filter 
an d to supply a quantized decimation fitter response; 

a symbol coder for reeoding said quanfeed decimation filter response into a baud-rate 
estimation of the baseband digital modulating signal; and 

an interpolation liter connected for receiving ssddbaud^ate estims^on of the baseband 
digital modulating signal and supplying said l%quisi-Mte of the 

5bas«feand digital modulating signal to said apparatus for computing the .discr^Fourier -ttaasfonas 
of successive |K>rfiom o 

modulating signal in accordance with which said selected one of said digital sisals was generated. 
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41 (previously presented). Hie receiver apparatus of claim 39, wherein said estimation circuitry 
comprises; 

a trellis decoder also included within said decoding apparatus connected for decoding said 
decimation filter response to recover said data stream, said trelKs coder connected to receive said 
decimation filter response from said decimation filter and to supply preliminary estimates of symbol 
values as well as a trellis decoder response; 

a symbol coder for receding said preliminary estimates of symbol values supplied from said 
trdiis decoder response, to generate a baud-rate estimation of the baseband digital modulating 
signal; and 

an interpolation filter connected for receiving said baud-rate estimation of $*e baseband 
digital modulating signal and supplying said Myquist-filtered oveisampiing^rate estimation of lie 
baseband digital modulating signal to said apparatus for computing ihe discrete F ourier transforms 
of successive portions of said Myqum-filtered oversampling-rate estimation of tfae&aseband digital 
modulating signalin accordance witk wMch sa^ digital signals was generated. 

*2^>reviously presented). fbereceiver apparatus of claim 29; wherein said first ad*q>tive itigitaf 
filter is a&aseband fife connected for responding to a reii component of a digital baseband sigpai; 
arid i^rein said receive discrete 
Fourier transforms responsive to successive portions of said amplitude-modulated 
inteiraediate-frequeiK?y cani^ tetis an^litu&^oto^ selected one of 

said digital signals and any muliipath distortion: 

a controlled oscillator for g^ and quadrature-phase oscillations 

as components of complex oscittateis v the frequency and phase of which said complex oscillations 
are controlled by an automatic frequency and pha&e control signal; 

a first mixer connected for mixing said amplitude-modulated inteimediate^&equeaicy earner 
supplied from said receiver front-end with saidin-phase oscillations to generate a first mixer 
response; 
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a first anaiog lowpass filter connected to receive said first mixer response as a respective 
input signal and to supply an analog in-phase baseband signal in response thereto; 

a first analog-to-digitai converter connected for digitizing saM analog in-phase baseband 
signal to generate a digital in-phase baseband signal sampled at an oversampling ratehigher than 
said prescribed baud rate and applied to said first adaptive digital filter as its respective input signal; 
and 

apparatus for computing said discrete Fourier transforms from successive portions of said 
digital in-phase baseband signal, wbich successive portions 6f said digital in-phase baseband signal 
respectively result -from denickiuiadon of said successive portions of said amplitude-modulated 
intermediate-frequency carrier, said first analog-io-digital converter being connected to supply said 
digital in-phase baseband signal to said ^?paratus for computing said discrete Fourier transforms 
from successive portions of said digital in-phase baseband signal. 

43(previously presented). The receiver apparatus of claim 44, wherein said apparatus for 
computing said discrete Fourier transforms of successive potions of £ach data field of said digital 
in-phase baseband signal is of a type using a sliding window of said digital baseband signal for such 
computation, and Wherein said apparatus for computing i*e said discrete Fourier transfoims of 
successive portions of said oversamptling-rate estimation is of a type asing a sliding window of said 
oversampling-rate-estimation for such computation. 

44(previously presented). The receiver apparatus of claim 42, further comprising: 

a second mixer connected for mixing said amplitude-modulated intennediate-f5requency 
carrier supplied from said receiver front-end with said quadrature-phase oscillations to generate a 
second mixer response; 

a second analog lowpass filter connected to receive said second mixer response as a 
respective input signal and to supply an analog quadrature-phase baseband signal in response 
thereto; 
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a second analog4o-digital converter connected for digitizing said analog quadrature-phase 
baseband signal to generate a digital ^^adrature^pfease ^baseband sigjial sampled at said oversampling 
rate higjher than said prescribed baud rate; 

a second adaptive digital filter having a kernel composed of weighting coefficients thai can 
be adjusted to be similar to said kernel of said first adaptive digital filter, said second 
analog-to-digital converter being connected to said second adaptive digital filter for applying said 
digital quadraturerphase baseband signal to said second adaptive digital filter as its respective input 
signal, said second adaptive digital filter supplying a second adaptive digital filter response to its 
input signal as convolved with said kernel of said second adapfive digital filter; 

a digital-to-anaiog converter connected to receive as its respective input signal said second 
adaptive digital filter response from said second adaptive digital filter and connected to supply an 
analog response therefrom; 

a third analog lowpass filter connected to receive as its respective input signal said analog 
response from said digital-to-analog converter and to supply a third analog lowpass filter response 
therefrom to said controlled oscillator as said automatic frequency and phase control signal; 

a decimation filter connected for re-sampling said first adaptive digital filter response to 
generate, as a decimation filter response, an in-phase digital baseband signal re-sampled at said 
prescribed baud rate; 

decoding apparatus connected for decoding said decimation filter response to recover a data 

stream; 

estimation circuitry responsive to said decimation filter response for generating an 
oversaittpling-rate estimation of the baseband digital modulating signal in accordance with which 
said selected one of said digital signals was generated; 
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apparatus for compatbg ihe discrete Fourier transforms of successive portions of said 
oversampling-tate estimation of the baseb^ accordance with w¥ick 

said selected one of said digital sigaals was generated, which successive portions of said 
oversampiling-rate estiination of the baseband digital modulating signal correspond wiih respective 
ones of said successive portions of said digital baseband signail ^ised 

transforms in said apparatus for computing the discrete Fourier transforms of successive portions of 
said digital baseband signal; 

computer circuitry for generating discrete Fourier transform characteri zations of tie actual 
reception channel through term-byrcoirespondingrtenn division of each of die discrete Fourier 
transforms of success! ve$K>rtions of said oversampiing-rate estimation of the baseband digital 
modulating signal % fee discrete Fourier transform of the con^sponding portion ofsaid digital 
%as£band signal thereafter generating disci^F^^ 
each of said first and said second adaptive digital fiite^^^ 

division of each of the discrete Fourier transform characterizations of the actual reception channel by 
a discrete Fourier transform characterization of an Meal reception channel and thereafter generating 
inverse discrete Fourier transfoniis of said discrete Fourier a^nsfonn descrip^ of iie kernel 
desired in each of said first and said second adaptive digital filters; and 

a bank of digital1ov^>assMters for smoothing the terms ofsaid inverse discrete Fourier 
transforms to specify the weighting coefficients in the kernel of each of said first and said second 
adaptive digital filters. 
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45{prcviG\Jsiy presented). 'The receiver apparatus of claim 29, former comprising: 

analog-ro-digiial conversion circuitiy connected to receive as its respective input signal said 
aimplStM said receiver front-end and to supply, at 

an oversamplxng rate3iQ*her than said piescribed i>aud rate^ a digitized amplitude^moduiated 
intermediate-frequency carrier applied as respective input signals to said first adaptive digital filter 
and to said apparatus for computing discrete Fouria: transfoims responsive to recessive portions of 
said amplitude-modulated iritennediate-frequency canier that is amplitude-modulated in accordance 
with said selected one of said digital signals and any miiltipaih distortion hereof; 

a digital controlled oscillator for sullying at said oversampling rate digital descriptions of 
in-phase oscillations and :<padmtui^phase os^ oscillations, the 

frequency and phase of which said complex oscillations are controlled by an automatic frequency 
and phase control signal; 

digM synchrodyne circuitry for supplying a digital baseband signal in response to said first 
adaptive digital filter response, said first adaptive digital Filter connected to apply said fi^t adaptive 
d^itat filter response to said distal synchrodyne circuitry as a respective ii^m signal thereof, said 
digital controlled oscillator connected for supplying said descriptions of said fcphase oscillations to 
said digital synchrodyne circuitry for syncteodyning with said first adaptive digital filter response to 
generate a rea! component of said digital baseband signal at said oversan^ling rate, said controlled 
oscillator connected for supplying sai d descriptions of said quadrature-phase oscillations to said 
digital synchrodyne circuitry for synchrodyning with said first adaptive digital filter response to 
generate an imaginary component of said digital^baseband signal at said oversampling rate; 

a digital lowpass filter connected to receive said imaginary component of said digital 
baseband signal from said digital synchrodyne circuitry and connected to supply its lowpass fiher 
rehouse to said controlled oscillator as said automatic frequency and phase control signal; 

a decimation filter connected for re-sampling said real component of Said digital baseband 
signal supplied from s^id digital synchrodyne circuitry to generate, as a decimation filter response, a 
real component of digital baseband signal re-sampled at said prescribed baud rate; 
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decoding apparatus connected for decoding said decimation filter respemse to recover a data 

stream; 

estimation circuitry responsive to said decimation -filter response for generating an 
oversampling-rate estimation of the baseband digital modulating signal in accordance with which 
said selected one of said digital signals was generated; 

a^alanced amplitude modulator for modulating an oversampling-rate digital signal 
descriptive of an unmodulated intermediate-frequency carrier by said oversampling-rate estimation 
of the baseband digital modulating signal in accordance with which said selected one of said digital 
signals was generated, thereby to generate an oversamplkg-rare digital signal descriptive of a 
suppressed-carrier double-sideband signal , said balanced amplitude modulator connected to receive 
digital descriptions of oscillations from said digital controlled oscillator as said oversampiling-rate 
digital signal descripti ve of the unmodulated intermediate-frequency carrier; 

an ideaS-channel-response vestigial-sideband filter for supplying a vestigiaJ-sideband filter 
response to said oversampling-rate digital signal descriptive of a suppressed-carrier double-sideband 
sigpals^ilied to said vestigial-sideband filter as its respective input signal by a connection from 
said balanced amplitude modulator; 

apparatus for computing discrete Fourier ^ansforms of successive portions of said 
vestigial-sideband filter response, which successive portions of said vestigial-sideband filter 
response correspond with respective ones of said successive portions of said amplitude-modulated 
intermediate-frequency carrier used for computing said discrete Fourier transforms thereof; 

computer circuitry for generating discrete Fourier transform descriptions of the kernel 
desired in said first adaptive digital filter through tenn-by*corre^>ondmg*term division of each of the 
discrete Fourier transforms of successive portions of said vestigial-sideband filter response by the 
discrete Fourier transform of the corresponding portion of said amplitude-modulated 
intermediate-frequency carrier, and thereafter generating inverse discrete Fourier transforms of said 
discrete Fourier transform descriptions of the kernel desired in said first adaptive digital filter, and 

a bank of digital kwpass filters for smoothing the terms of said inverse discrete Fourier 
transforms to specify the weighting coefficients in the kernel of said first adaptive digital filter. 
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46{f>reviously presented). Receiver apparatus for skgle-canier digital modulation signals of a 
prescribed baud rate transmitted by respective amplitode-modulated r^io-firequency carriers throu^i 
a medium subject to mukipath distortion, said receiver apparatus comprising: 

a receiver froni-end connected for responding to any selected one of said single-carrier 
digital modulation signals transmitted at radio frequencies, thereby to supply a converted digital 
modulation signal at intermediate frequencies; 

synchrodyiimg circuitry competed for responding to said converted digital modulation signal 
to supply a first digital baseband signal and a second digital baseband signal, said first digital 
baseband signal resulting Irom syncfarodynang said converted digitatl modiilation signal wilb an 
intermediate-firequency corner of a leading &m phasing, said second digital baseband signal 
resulting from synchrodyning said converted digital modulation sijpial with an 
Mlermediate-fiequency earner of alagging second phasing in quadrature with said leading first 
phasing, the reladveifead of said first phasing of said intennediate-fi^quency carrier and the relative 
lag of said second leasing df said intermediate-frequency carrier being adjustable in response to an 
automatic frequency and phase control signal; 

first and second adaptive digital filters, each having a respective kernel composed of 
weighting coefficients that caiibe adjusted, said first adaptive digital filter connected to receive as its 
respective input signal said first digiM baseband signal supplied iby said synehrodyning circuitry, 
said first adaptive digital filter connected to supply a first adaptive digital filter response to its 
respective input signal, said second adaptive digiteil filter connected to receive as its said respective 
input signal said second digital baseband signal supplied by said synchrodyning circuity, and said 
second adaptive digital filter connected to stg>ply a second adaptive digital filter response to its 
respective input signal; 

a first adaptive-filter-kernel computer for computing the weighting coefficients in the kernel 
of said first adaptive digital filter, said first adaptive-filter-kerael computer connected to receive said 
first adaptive digital filter response and to receive said first digital baseband signal supplied by said 
synchrodyning circuity; 
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a second adaptive-filter-keniel computer for computing the wei^ting coefficients In the 
kernel of said second adaptive digital filter, said second adaptive-filter-kemel computer connected to 
receive said second adaptive digital filter response and to receive said second digital baseband signal 
supplied by said syndhrodyning circuitry; 

apparatus for recovering a data stream from an equalized infihase digital modulation signal 
that is formed by conibiriing said first adaptive digital filter ^ response and said second adaptive digital 
filter response in a first way; and 

apparatus for recovering said automatic frequency arid phase control signal from an equalized 
quadrature-phase dipM modulafion s^nd &ar is formedby combining said first adap&^4igiia3 
filter response and said second adaptive digital filter response in a second way, one of said $tst and 
second ways of combining said first decimation filter response and said second decimation filter 
response being additive in nature arid the other being siibtractive in nature. 

47(previousiy presented). The receiver apparatus of claim 46, wherein said first 
adaptive-Eiter&emel computer and said second adaptive-ilter^cemel computer are each of a type 
using disable Fourier transform procedures in its computations. 

48(previou$3y presented). Hie receiver apparatus of claim 46, wherein said first 
adapfive-filter^ ihe discrete Fourier taasfims of successive 

portions of said first digital baseband signal that provide a sampling window moving through a 
succession of different positions in eadi <>f successive data fields^ to quantize said first decimation 
filter response and generate therefrom aJii^ esfimafion ^ 

accordance with which said selected one of said single-carrier digital modulation signals was 
generated, to compute the discrete Fourier transforms of portions of said first estimation 
corresponding io said successive portions of said second digital baseband signal, to^process Ihe 
discrete Fourier transform of each^oilion of said first digital baseband signal with fee discrete 
Fomier transform of the corresponding portion of said first decimation filter response for generating 
a discrete Fourier transform descriptive of the kernel desired in said first adaptive digital filter, 
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to generate the inverse discrete Fourier transform of said discrete Foiiriertran^foim descriptive of 
the kernel desired in said first adaptive digital filter, and to generate the weighting coefficients for 
the kerne! of said firet adaptive digital filter by lowpass filtering each of the terms of flie inverse 
discrete Fourier transform of said discrete Fourier transform descriptive of the kernel desired in said 
first adaptive digital filter; and 

wherein said second adaptive-filter4.ernei computer is operable to compute fee discrete Fourier 
transforms of successive por^OTS of said second digital^iseband signal Siat generally are 
contiguous in time, to quantize said second decimation filter response and generate therefrom a 
second estimation of iie toaset^d digital modulatkg si^ wifli wMch said selected 

one of said single-earner digital modulation signals was generated, to compute the discrete Fourier 
transforms of portions of said second estimation corresponding to said successive portions of said 
second d^M^as^band sigaal, toprocess the discrete Fourier transform of eachportion of said 
second digkal^asi^iid si^ial with the discrete Fourier transform of the <^n^spondmgf<H4km of 
said second decimation filter spouse for generating a discrete Fourier transform descriptive of tie 
kernel desired in said second adaptive digital filter, to generate the inverse disereteFourier transform 
of said discrete Fourier transform descriptive of the kernel desired in said second adaptive digital 
filter, and to generate the weighting coefficients fi>r fte kernel of said second adaptive digital filter 
by lowpass filtering each of the terms of the inverse discrete Fourier transform of said discrete 
Fourier transform descriptive of the kernel desired in said second adaptive digital filter. 

49(previous;1y presented). Receiver apparatus for single-carrier digital modulation signals of a 
prescrifeed&aud rate transmitted by respective amplitude-modulated radio-frequency carriers through 
a medium subject to muliipath distortion, said receiver apparatus comprising: 

apparatus for converting a selected one of said singie-cairier digital modulation signals 
transmitted at radio frequencies to an amplitude-modulated intermediate-frequency carrier, 
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an anatog-to-digit&l converter connected to receive as its respective input signal said 
amplitude-modulated intennediate-frequmcy earner from said apparatus for converting said selected 
one of said single-carrier digital modulation signals and to. supply, at an oversampling rate higher 
than said prescribed baud rate, a digitized amphiude-moihilated mtermediate-^requency carrier, 

a phase-splitter connected to receive as its respective input signal said digitized 
amplitude-modulated^^ 

said phase-splitter operable to supply orthogonal first and second phase-spfiiter responses; 

first arid second adaptive digital fiiters 3 each having a respective kernel composed of 
weighting coefficients thai can&e adjusted, said first adaptive digital liter connected to receive as its 
respective input signal said first phase-flitter response suppliedby said phase-splitter, said first 
adaptive digital filter connected to supply a first adaptive digital filter response to its respective input 
signal, said second adaptive digital filter connected to receive as its said respective input sipiaisaid 
second phase-splitter response supplied by said phase-splitter and oversamjSJing anaiog-to-digital 
conversion circuitry, and said second adaptive digM filter connected to supply a second adaptive 
digital filter response to its respective input signal; 

digitati synchrodyne circuitry connected for generating at said ovemmplir^ rate a first digital 
baseband signal% synchrodyning said first adaptive digital filter response with an 
intermediate-frequency carrier of a leading first phasing and for generating at said oversampling rate 
a second digital baseband signal by synchrodyning said second adaptive digital filter response with 
an intermediate-frequency carrier of a lagging second phasing* She relative lead of said first phasing 
of saidinteimediate-fi^uency carrier and the relative lag of said secmid phasing of said 
intermediate-frequency carrier being adjustable in response to an automatic frequency and phase 
control signal; 

a first decimation filter connected for si^plying a first decimation filter response generated 
by re-samphng to said prescribed &aud rate said first digital baseband signal generated by said digital 
synchrodyne circuitry; 
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a second decimation filter connected for sullying a second decimation filter response 
generated by re-sampling to said prescribed baud rate said second digital baseband signal generated 
by said digital synchrodyne circuitry; 

a first adapfive-fiher4cernel computer for computing the weighting coefficients in the kernel 
of said first adaptive digital filter, said first adaptive-fiiter-kemel computer connected to receive said 
first decimation filter response and to receive said first $&ase-splitier response supplied by said 
phase-^iitier; 

a second ad^ptive-fiiter-kernei computer for computing the weighting coefficients in the 
kernel of said second adaptive digital filter, said second adapfive-filter4cerae3 computer connected to 
receive said second decimation filter response and to receive said second ^ase-splitter response 
supplied by said phase-sg>lifter; 

apparatus for recovering a data stream from an equalized in-phase digital modulation signal 
that is formed by combining said first decimation filter response and said second decimation filter 
response in a first way; and 

apparatus for recovering said automatic frequency and phase control signal from an equalized 
quadrature-rphase digital modulation signal that is formed by combining said first decimation filter 
response and said second decimation filter response In a second way, one of said first and second 
ways of combining said first decimation filter response and said second decimation filter response 
being additive in nature and the other being subtractive in nature, 

50(previously presented). The receiver apparatus of claim 49, wherein said first 
ada|rtive-filter-kernel computer and said second adaptive-filter-kemel computer are each of a type 
using discrete Fourier transform procedures in its computations. 
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5 l(prevkrosly -jprcsemed); The receiver agpar atas of £laim 49, wherein said first 
ada|rtIye^lSter%emeI computer is operable to compute the discrete Fourier transforms of successive 
poMons of said jii&paase-^i^ response itiatp-oVKie a saaapiing window iik>vii^^!iroi^ a 
^^cession <>f dilffe to tpa^trae said^tet decimxaion 

filter^ aMM ^iMion o>£]dhe3^e^^ 

^aeotfd^e 

3*ene*#ed; to^ ffiodialat mg sm& &&eim^ 

M ^McB^^fu^i^mmg, wife said .-first est imation ^fee%ase^aiid digital mediating sigaal ir* 
acco^^anee wih ^i^sai^ selected oae of sai3 single^amer digital mcd^MoH sipials was 
generated/ to ooinpite &e dascrete¥ourier fra^sfeas ofSpoWions of sm& "fest ^^e^aodiM^m signal 
corre^OT^ ^s^d^rsti&ase^i^ 

i^miertram^ ^ftfie kernel des to 

in^se^iscrcte oftheicers^ desired 

in weijpi&ng coetl^^ 

first adaptive digM Ml!^^ eacii oflfee teiins of the inverse discrete Foxier 

Uniform of ^d disreeief^o^ desii^ in sald^ 

#tgM liter; m& ^heifein^id second adsprve^ate^ 

dis&^ 

gener^ly as^ second decitnaiion Mit^K^pm^^ ^n^l^^enerate 

feerefioea a second csainiatioa of lie^asabaiad digital modi^iing signal m accordance wiat which 
said selected one of said sm^e-camer JigiM moiufe&n signals was genea^tted, to generate a 
second re-niodyktitMi $ignd; fcy moMating said kiteii^^ caeier of said %ggkig 

secondffcasing with said second ^^mation of the basefeaaid digital moiMaisng signal in accordance 
with which ^id se&^ sipjals was getie^ed, to 

co&*|h^ o£said second j^^^ioduiis^m ^gp^l 

corre^onding to said successive fMartions off s^ secon&J&a^ 
discrete hoarier transform of ea<^^o*tion of said second ifee-sg3& 

lw^M4fie^i^ ii^a^dr : g^erai^:a 
discrete Fo^ the kernel desired in said second adaptive di^tM filter, 



27 



Atty: '©*t # ALKU03 A Resjxmse'to ! 2** Office Actitm PATENT App. # t^/^SflO 

to generated 

the kernel desired in said second adaptive digital fitter r and to generate the westing coefficients lor 
the kernel ofsatd second adaptive digital fitter by ^ each <>f Mie terms of the inverse 

discrete Foxirier transform of said disci^teFom^trffisfoimii descriptive of Ae^emei desired in said 
seSoiid ^dapti vg <35giMlM£er, 

52l(previousiy presented). A mefliod for adapdng weighting coefficients for dhannei eg uaMzation 
liitenng in a^i^iv^fTof S : £gi£ST Signal of a preserved Baud ^ 
a3^ii^^mMuiatt©a iMio^frequency earners throng a channel apt to inctede more than 
^ti^^^si^pa&'fbr said digital signal, which digital signal is in substantial pmt randomized and is 
disposed hi successive data fields, said mefiiod conij^ing&e. steps of: 

estimating from tlie actual input signal with accon^panying multipafli distortion thereof feat is 
supplied to said channel equalization filter^ ideal input signal supplied to said channel 

equifiraiiori filtering wotiMbein the^enc^^ 

computus respective discrete Fouri^ transfix successive^bitions of s^d adtiM input 
signal supplied to ^d channel equalize 

Meal input signal climated from said actual input signal, said successive prions of said said actual 
input signal providing a sampling window moving tbrougjh a succession of different positions in 

generating discrete ^ 
through ierm4>y^orre^ndi^^ division of each of thediscrete Fourier transfbims of 
^successive portions of said ideal input signal by ^discrete Fourier transform of the coirespondmg 
portion of ^id adiu<fl inpfitt iign^ si^li^dtd $^:dH^^'^u^i^ifidn filtering; 

computing tentati ve sets of westing coeifeients for said ch^ 
said discrete Fourier transform specifications of said channel equalization filtering; 
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3ow-£^Sieii^^ 
^u^izatba^ 

coefficients for said channel egualizatfion ititering; and 
utilizing said final sets of weigkl^ 

S34>re\rou^y The meffeod of Maim 52* wherein said hansel eqirfiza*km iBteringss 

jseifemed in #*e time domain, and herein said stq> of co^pu^ of weighting 

said dis<^ 

of said <&aai^1 eq^^ consists of onripiitii^iie mverse discrete fouiSer 

tr^sfomiis of said discrete Fourier transfonn ^>ecifi^tions of said channel eq*m!izaiion Altering. 

54^revio?3siy jn^sente^. Hie me&od of claim 52, .v&etek said ^anae! equ^^kM filterfeg m 

$t&ps of: 

i&jput signal supplied to $&M ^ 

teansfexin ^^ifi^tions of said c^^fei equaJization ffitering to generate iiscr^ Fourier o^isfbrms 
^ ^£cessive|k^ said di^mel eqodi^tion iBiermg; and 

eon^uikigi^ 

stic^ssive^cHlior^ ie^MMise#<Hn si0dmmd eqmSxz^^ 

successive portions tNFssH# respond 
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